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ABSTRACT 
Title: The Effect of Weight Training on the Swimming Performance 
of Female lntercol legiate Competitive Swimmers 
Karen M. Schuhle, Master of Science, 1984 
The study investigated the effects of weight training on the 
swimming performance of female intercollegiate competitive 
swimmers. Twelve members of the S.U.N.Y. Col Jege at Brockport 
women's swim team served as subjects. Six subjects rarticipated 
in a ten week weight training program as well as in the daily 
two hour in-water team swimming practices. The other six subjects 
participated in the same in-water swimming practices but not in 
the weight training. Pre- and rest-testing was conducted at the 
beginning and end of the ten week training program. Performance 
variables tested included a jump and reach; 25 yard mean velocity, 
10 yard maximum velocity, distance/stroke at maximum velocity, 
and stroke rate at maximum velocity for the front crawl and breast-
stroke. Data analysis was conducted at a .05 level of signif-
icance using a correlated t-test. The writer failed to reject the 
nul 1 hypothesis for all variables tested. 
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CHAPTER 1 
I N T RO D U C T I O f4 
Within the realm of women's intercollegiate competitive 
swimming there exist as many different training programs as 
there are coaches, with each coach maintaining that his or 
her approach is a sound, if not successful, method of training. 
Further inquiry as to the reasons for using one method over 
another often reveals that there are no scientifically based 
reasons or necessarily proven results for utilizing a given 
training method. Coaches tend to adopt training programs, 
especially weight training programs, that they "feel" are the 
best for their swimmers, rather than programs that have been 
empirically tested. Further, very little research dealing 
with weight training related to swimming has been done using 
women swimmers as subjects. 
Questionnaires (Parramore, 1973; Riedel, 1973) given to 
swimming coaches requesting information about training programs 
have revealed that a wide variety of be! iefs about, reasons 
for, and programs of weight training exist and are practiced 
by competitive coaches and teams. In addition, it has been 
found that there still exist some teams that do not use any 
weight training programs for their female competitors, although 
no responding coaches indicated the absence of a weight train-
ing for their male teams. The reasons for such rractices range 
from lack of knowledge, equipment, time, and facilities, to 
personal beliefs and dpinions of the coaches. 
The intent of this study was to provide answers to questions 
asked by the writer and other coaches about the effect of weight 
training on swimming performance, as well as contribute new 
information to the field of swimming to further aid coaches 
and swimmers in designing sound, effective training programs. 
Statement of the Problem 
Of major concern is the fact that very 1 ittle research of 
any type has been conducted that deals with the effects of 
weight training relative to swimming performance in which women 
college swimmers have been used as subjects. Thus, there is 
a limited amount of information for the women's swimming coach 
to draw upon when planning a training program. 
The lack of research on the effects of weight training on 
swimming performance of female intercollegiate competitors 
provided the impetus for this study. In this study a weight 
training program for college level, competitive female swim-
mers was designed, and the effects of the weight training upon 
their swimming performance using various swimming speed and 
power related measurements for analysis was determined. An 
experimental group receiving treatment, and a control group 
who did not receive treatment were compared. 
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In addition, little, if anv research has been done with 
female subjects or with strokes other than the front crawl. 
This study tested the ,effects of weight training on both the 
front crawl and the breaststroke. 
Subproblems 
Competitive swimming is a ski 11 that is made up of many 
components, with the stroke rate (S) and distance per stroke 
(d/S) being the two most important ones (Craig and Prendergast, 
1979), which when combined in the right proportions and manner, 
can result in technically correct and fast movement of the 
body through the water. When isolated, the components that 
contribute to a successful competitive swimmer provide import-
ant Jnformation as to that swimmer's potential. In competitive 
situations it is the sum of the components that determines the 
average swimmer from the elite. 
In planning a training program it is necessary to improve 
upon the components that wil 1 contribute to the swimmers' over-
all performance. The components identified and receiving con-
sideration in this study included the mean velocity (V) for a 
25 yard swim, maximum velocity (max V) for a 10 yard swim, 
stroke rate (~) and distance per stroke (d/S) at the maximum 
10 yard swim velocity, and explosive leg power. 
The development of a weight training program which would 
develop the above components constituted another element re-· 
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ceiving prime consideration. It was necessary to design a 
weight training program which, when carried out by the swimmers, 
would positively affect the identified components towards the 
end of improvement of the subjects' swimming performance. 
In developing such a weight program it was necessary to 
address the principle of specificity, create a situation in 
which a maximum of quality and relevant work could be done in 
a minimal amount of time, and train the swimmer's anaerobic 
muscle capacity rather than emphasizing their aerobic muscle 
capacity. The distance work done in the water practices would 
provide ample aerobic training. 
Hypotheses 
Relevant to this study of competitive intercollegiate 
swimmers it was hypothesized that: 
1. Weight trained female swimmers and non weight trained 
female swimmers do not differ in stroke rate at maximum velocity 
for: 
I. 1 Breaststroke 
1.2 Front crawl 
2. Weight trained female swimmers and non weight trained 
female swimmers do not differ in distance per stroke at maxi-
mum velocity for: 
2.1 Breaststroke 
2.2 Front crawl 
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3. Weight trained female swimmers and non weight trained 
female swimmers do not differ in explosive leg power as measured 
by a jump and reach. 
4. Weight trained female swimmers and non weight trained 
female swimmers do not differ in mean velocity for 25 yards for: 
4. 1 Breaststroke 
4.2 Front crawl 
5. Weight trained female swimmers and non weight trained 
female swimmers do not differ in maximum velocity for 10 yards 
for: 
5. 1 Breastroke 
5.2 Front crawl 
Delimitations 
The scope of the study was such that the testing and 
treatment was conducted on members of a women's varsity swim 
team at a Division I I I, State University of New York college 
with an approximate enrollment of 6500 full time enrolled stu-
dents. The policy of the athletic department is such that 
anyone wishing to participate on the swim team may do so, i.e. 
no cuts are made which limit who may swim. 
Only the components previously mentioned were pre- and 
post- tested over a ten week period, and any other traits affect-
ing swimming performance are not a part of this study. 
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Definitions 
The fol lowing definitions apply to terms used throughout 
this study. 
Aerobic: 
Anaerobic: 
Arm Stroke Cycle: 
Arm Stroke Rate: 
Distance/Stroke: 
lsokinetic Exercise: 
Isometric Exercise: 
Referring to the presence or uti 1 ization 
of oxygen. 
Referring to the absence of oxygen. 
The movement of the arm during a swimming 
stroke from one point in the water, 
through one full stroke, and back to the 
same point. 
Commonly referred to as Stroke Rate= S. 
The number of arm stroke cycles per given 
period of time. 
The distance covered by a swimmer per 
each arm stroke cycle. = d/S. 
Exercise in which variable resistance 
causes the contracting muscle to be maxi-
mally loaded over a full range of motion 
while the speed of the movement is held 
constant. 
Exercise in which tension is developed by 
the contracting muscle against an immovable 
object, in which there is no change of length 
of the muscle, or movement. 
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Isotonic Exercise: 
Leaper Machine: 
Muscular Strength: 
Overload: 
Power: 
Prime Movers: 
Repetition: 
Set: 
Exercise through a full range of motion 
against a constant resistance or load 
during which, the muscle tension varies. 
A resistance machine designed to provide 
resistance as a person moves rapidly from 
a bent-kneed, crouched position to a 
fully extended standing position, 
Also referred to as Strength. The ability 
of a muscle to exert a force against a 
resistance in a s i nq I e maximal effort. 
Exercising with a greater than usual 
amount of stress or intensity. 
\fork/Ti me = Force X Distance. Work per 
Time 
unit of time, or the rate at which work is 
done. 
Those muscles, or muscle groups, primarily 
responsible for a given movement. 
Or, rep. The number of times a movement 
is performed through a complete range of 
motion and back to the starting position. 
e.g. 5 reps= do the exercise 5 times. 
A term used to indicate how many times 
to do a certain number of repetitions. 
e.g. 3 sets of 5 = do 5 repetitions of 
the exercise 3 times. 
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Specificity: 
Universal Gym: 
Velocity: 
Weight Training: 
Work: 
A training principle which maintains 
that training for a given movement or 
skill should be specific to the nature of 
that task or skill, inclusive or neuro-
muscular and physiological considerations. 
I t a pp 1 i es to test i n g as we 1 1 • 
A commercial weight machine providing 
resistance which allows a person to per-
form a variety of isotonic exercises 
utilizing all of the major muscle groups 
of the body. 
Speed, =Distance/Time= V. Distance 
covered swimming per unit of time. 
A combination of planned exercises and 
movements performed to increase muscular 
strength. Includes use of exercise ma-
chines and free exercises. 
Force x Distance= F x D. 
muscular work. 
Basic Assumptions 
Pertaining to 
Due to the nature of the study it was assumed that the 
following were true. 
1. That all subjects exerted full effort in all phases of 
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training and testing. 
2. That the net coaching and training effect received 
durinq the in-water practices was the same for al 1 subjects 
over the ten week period. 
Limitations 
Although the number of uncontrolled variables existing 
was minimized, there did exist some factors over which the 
writer had no control. These included: 
l. The differences in past competitive racinq and training 
experiences of each subject. 
2. Any individual weight training by the non-weight lifting 
group subjects could not be controlled, althouqh they were 
requested not to 1 ift. 
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CHAPTER I I 
REVIEW OF THE LITERATURE 
Numerous studies have been done over the past fifty years 
in an effort to determine the effectiveness of weight training 
upon improving swimming performance as well as on other types 
of physical performance. The results from the studies that 
have been done are far from being conclusive one way or another. 
The investigations themselves include a wide range of varia-
tion which contributes to the confusion encountered when trying 
to interpret the results. 
Some of the variations which can be found in the various 
studies includes; the sample population used, skill level of 
the subjects, initial strength level, type of testing used, 
duration and type of training program, weight or resistance 
devices utilized, measuring instruments and techniques, muscle 
groups receiving emphasis or treatment, and the type of activity 
tested, i.e. some of the studies reviewed involve non-swimming 
activities. Thus, in reading the literature it is necessary to 
consider the process and methodology, as wel 1 as the final out-
come. 
Swimming Related Studies 
In a study conducted by Davis (1955) seventeen male college 
s t u d e n t s 1 i f t e d we i g h t s , i n a d d i t i on t o d o i n g a s w i mm. i n g w o r k -
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out, for ten weeks and were tested for speed on 25 and 50 yard 
swims. The group showed a significant increase in speed for 
both distances after the ten week period. 
was used. 
No control group 
Thompson and Stull (1959) conducted a study in which five 
different combinations of frequency and type of swimming and/ 
or weight training were compared to see their effects on swim-
ming speed. A sixth, control group, refrained from vigorous 
activity for the duration of the study. Eighty-one male college 
students who had been rated "good" in the front crawl stroke 
took part in the six week study. Analysis of the results showed 
that the control group and the group doing only weight training 
and no swimminq showed no siqnificant differences in their pre-
and post- swimming speed. The remaining four groups, three of 
which had done various swimming workouts and one of which combined 
swimming with weight training, all showed a significant increase 
in their swimming speed at the conclusion of the study. No 
between group comparisons were done. 
Nunney (1960) found, in a six week experiment in which 
twenty-four members of an intermediate level swim class were 
tested on strength, and swimming speed and endurance, that the 
experimental group which did a six station exercise and weight 
lifting circuit and ten minutes of swimming three times per week, 
showed significant increases in speed and strength. The control 
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qrour, which swam only for thirty minutes, three times per week, 
for thirty minutes sessions, showed a loss in strength and no 
significant increase in speed. 
endurance levels. 
Both groups maintained their 
A six and one half week experiment by Murray (1962) in 
which thirty-one, non-competitive intermediate level college 
males exercised with pulley weights in addition to a set swim-
ming workout, while the control group did only the swimming 
workout, showed no significant difference between groups for 
speed or endurance. Both groups did make significant gains in 
their swimming speed, but only the weight training group showed 
significant increases in strength gain. 
Jensen (1963) compared the effects of five different com-
binations (times/week) of weight training and/or swimming work-
outs for six weeks on 40 and 100 yard freestyle speed of male 
college students. Al 1 five groups showed significant improve-
ment on the 100 yard swim but only one group, those who weight 
trained and 1 ifted five times per week, showed significant im-
provement on the 40 yard swim. 
In a study comparing the effect of elastic cord and iso-
metric exercises on strength and swimming speed, Scott (1967) 
had sixty college males in an advanced level swimming class 
exercise in addition to class for twelve weeks, three times per 
week in fifty minute sessions. The control group only par-
l l 
ticipated in the class and the other two groups either did 
elastic cord or isometric exercises utilizing the prime movers 
required for swimming. Both exercise groups showed significant 
gains in swimming speed, although there was no significant 
difference between these two groups. The control group showed 
no significant increase in swimming speed. 
Ross (1970) did a study which incorporated fifteen minutes 
of swimming and one of four different additional training pro-
cedures of: additional swimming, weight training workout, 
swimming against progressively increasing resistance, or exer-
cises on an exergenie machine, The subjects were seventy-two 
college males who were members of an intermediate level swim 
class, who worked out three times per week for forty-five minute 
sessions, for six weeks. Swimming speed and arm extensor 
strength pre- and post-tests were administered, The weight 
training, resistance swim and exergenie work were shown to be 
significantly more effective in increasing strength and speed 
than just swimming alone, but that there was no significant 
difference in increased swimming speed between the weight train-
ing, exergenie, and resistance groups. 
Hutinger's (1970) study compared the effects of three meth-
ods of weight training, isokinetic, isotonic, and isometric, 
done in addition to a common swimming workout on 25, 50, and 
100 yard frestyle swims. The lifting was done by college aged 
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intermediate level males for six weeks, two times per week and 
resulted in all groups showing improvement, but none at a sig-
nificant level. No one treatment differed significantly in 
swimming improvement over another. 
A more recent study by Troup, Plyley, Sharp and Cos ti 11 
(1981) compared the power and speed of three groups of swimmers. 
One doing an 8000 yard per day swimming workout, a group doing 
the same swimming workout and isokinetic weight training, and 
one group doing only the weight training. No significant diff-
erence in power or speed was observed, but additional percen-
tage of improvement analysis was also done. This analysis 
showed that the performance of the swim and weight group was 
11% greater than the weights only group and 2% greater than the 
swim only group. The swim only group was 9% greater than the 
weights only group. No information regarding the length of the 
study or the size of the sample population or its characteris-
tics were given. 
In an additional study done by Guilfoil (1977) various 
selected flexibility and strength measurements of swimmers were 
correlated to the time it took to swim, kick, and pull 100 yards. 
It was found that the strength and flexibility measurements of 
the hip and shoulder joints most significantly related to in-
creased swimming speed. It was also noted that strength and 
flexibility measures alone are not suited to predicting swimming 
times. 
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Hofer's (1969) study on the relationship between hip and 
shoulder strength and the efficiency of the front crawl with 
intermediate level college women showed that shoulder strength 
was an insignificant predictor of power and that hip extension 
strength is directly related to the power in the front crawl. 
It can be seen from the above studies that past investi-
gations directly related to the effects of weight training on 
swimming speed have had mixed results and that the procedures 
and analysis of each study differ widely. It should also be 
noted that in all of the studies in which weight training was 
incorporated, the subjects were male and the front crawl stroke 
was the only stroke tested. 
Non Swimming Related Studies 
Studies on weight training and skill improvement have 
been done which investigate the effect of weight training on 
activities or movements other than swimming. These investiga-
tions are also valuable in that they look at the effectiveness 
of a specific weight training program designed to improve per-
formance in a specific activity or skill. 
Capen 1 s (1933) study compared the effects of two types of 
. training programs, one strictly of weight training and the other 
involving tumbling, running, combatives, 1 ifts and carries, and 
gymnastics on the muscular strength and endurance, circulores-
piratory endurance, and athletic power of seventy-one male 
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college sophomores. The subjects trained two times per week for 
forty minute periods, for eleven weeks. There was no signifi-
cant difference between groups in the muscular and cardiorespi--
ratory endurance, but the weight training group showed signifi-
cantly more improvement on the muscular strength and the power 
(speed) events. 
Hasely, Hairabedian, and Donaldson (1953) compared the 
effects of six weeks of weight training and an activity class 
on the muscu~ar arm strength, speed, and coordination of sixty-
three male college students who were members of a physical 
education class. The control ~rour attended lecture, one group 
attended a volleyball class, and the experimental group weight 
trained for thirty minutes per day. The weight and volleybal 1 
groups showed significant strength gains and the weight group 
and control groups showed significant increases in speed. The 
experimental group showed significantly greater increases in 
arm speed and strength than the volleyball group. 
Clarke and Franklin (1961) studied the effect of progress-
eve resistance weight training done two times per week, thirty-
five minutes per day, for ten weeks on arm strength, reaction 
time, speed of movement, and strength to mass ratio. Sixty-
two college males took part in the study, with the control 
group refraining from any athletics, physical education class, 
or training for the duration of the study. There was no signifi-
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cant difference 1n the reaction time or arm mass in either 
group. The control group showed a significant decrease in 
strength/mass ratio, whereas the experimental group showed a 
significant increase in strength, movement time, and strength/ 
mass. 
In a study in which twenty-six college males weight trained 
three times per week for four weeks, Pierson and Rasch (1962) 
found that reaction time and speed of arm extension were not 
related to total arm strength increases. 
In a study involving ninety-six college males, split into 
four groups, Chui (1964) compared the effects of isometric and 
dynamic weight training on the strength and speed of movement. 
The groups, a control group, one doing isometric exercises, one 
doing rapid, dynamic contractions, and one doing slow dynamic 
contractions, trained three times per week for nine weeks. 
Each of the three training groups gained in strength and speed 
of movement against resistance and without resistance, but no 
group had significantly higher gains than the other groups. 
In an eight week study comparing various training programs 
on running speed, Dintiman (1964) put one hundred-fifty college 
males into five training groups. The control group remained in -
active and one group did only sprint training, while the remain-
ing three groups combined sprint training and/or flexibility 
and weight training. All but the control group showed signifi-
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cant increases in leg strength and running speed. There was 
no significant difference between the sprint only group and the 
sprint plus weight training group, but the sprint, flexibility 
and weight training group did show a more significant improve-
ment in running speed than the sprint training alone. 
Whitley and Smith (1966) compared the effect of three 
different weight training programs: isometric and isotonic, 
dynamic overload, and free swing arm exercises, on the strength 
and speed of arm movement. The study was done for ten weeks 
by twenty-six male college students. The control group did not 
do any type of training, and along with the free swing arm 
exercise group, showed no significant difference in pre- and 
post- arm speed and strength. The other two groups showed 
significant increases in both speed and strength, although 
there was no significant difference between these two groups. 
Smith (1964) explored the effect of strength training on 
pre-tensed and free-arm speed in a study involving twenty-six 
college males who were members of a weight training class. The 
students did isotonic and isometric weight training two times 
per week for thirty minute sessions for eleven weeks. There 
was no control group. The results showed significant increases 
for both pre-tensed and free-swing speeds, and that there exists 
an upper strength 1 imit, after which no significant improve-
ment in speed of movement will result. 
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Wilkin (1952) studied the effect of weight training on 
the speed of arm movement on a group of male college students 
for a five week period. The control group participated in golf 
and swimming classes and did not weight train. Another group 
with no previous weight training experience 1 ifted one half 
hour per day for five weeks, and the third group consisted of 
members of a weight training team who trained five days per 
week for one hour per day. The results showed no significant 
or consistent differences between the inexperienced group and 
the activity class group, and the chronic weight group showed 
consistent, although statistically insignificant improvement 
of movement speed compared to the other two groups. 
Colgate's (1966) study, involving forty-nine college males 
who made up a control group doing no training, and an exercise 
group who did four pulley weight exercises three times per week 
for six weeks, showed that the relationship of arm-shoulder 
strength to arm speed is not always significant or positive. 
Again, it can be seen that in studies evaluating the 
effects of weight training on the performance of activities and 
movements other than swimming, the results are inconclusive. 
Review of the literature shows that when swimming was the activi-
ty the testing done usually involved pre- and post-testing of 
the subject's strength, and swimming velocity, or speed. Few 
studies worked with other performance components such as stroke 
rate, distance/stroke, etc~ 
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The duration of the training period is a factor that 
varied from study to study. It should be noted that on the 
average, the duration of the weight training programs in the 
studies showing positive or significant increases in swimming 
speed after the weight training were longer programs by over 
2 1/2 weeks (X = 8. 72 versus X = 6.07). The trend was that the 
shorter the training program, the less conclusive or mor.e nega-
tive, were the results. Also, many of the writers of the stud-
ies in which subjects were less skilled recommended repeating 
the study using higher skil 1 level swimmers. It is difficult 
in the~e cases to know whether improvement is due to the treat-
ment or to improvement from practicing the skil 1 or movement 
in question. 
Theoretical Background 
The theory behind doing weight lifting in addition to 
regular in-water practice to increase swimming speed stems 
from the transferral of increased strength to increased power 
in order to move the swimmer through the water faster. From 
their study of the relationship of stroke rate, distance per 
stroke and velocity in swimming, Craig and Prendergast (1979) 
suggested that the dependency of women swimmers on increasing 
their stroke rate to swim faster rather than their distance per 
stroke was because of muscle and power limitations, and that 
it would be to their benefit to weight train. 
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Sharp and Costill (1982) explained the relationship be-
tween force and power in the fol lowing manner: 
"In the swimming pul 1, force would be the tension created 
at a particular part of the pul 1; work is the force applied 
throughout the entire pull; and power is the rate at which 
work is done. 11 (p. 42). 
Thus, a consequent increase in strength from weight training 
allows the swimmer to apply more force at any given point in 
the pul I, and do more work throughout the pul 1 phase. They go on 
to say: 
"It is not enough for the competitive swimmer to overcome 
resistance for a certain distance, but he must attempt to do 
this in the least amount of time. This is power." (p. 43). 
Thus, any strength increases wil 1 also be able to be transferred 
to increased power 7 which, by the definition above, equates 
into an increase in velocity, if all other variables remain 
constant. 
Several studies have been done (Chui, 1964; Clarke and 
Henry, 1961; Masely and Donaldson, 1953; Smith, 1964; Whitley 
and Smith, 1966) which found an increase in speed of 1 i mb move-
ment after weight training and consequent strength gains. In 
studies done by Colgate (1966) and Wilkin (1952) similar posi-
tive, although not statistically significant results were also 
found. 
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There does exist an upper limit in the amount of strength 
that can be developed with any given weight program and increas-
es in speed are not proportional to strength gains (Smith, 1964). 
By the same token, for the strength to be transferred into 
power and ultimately into an increase in the swimming velocity, 
the correct stroke mechanics must remain intact. 
A variety of studies have been conducted in an attempt to 
determine whether one method of weight training results in a 
greater increase in swimming speed over another method. With 
the wide selection of resistance devices currently on the mar-
ket, al 1 of which claim superiority over the others, it is 
difficult to choose one over another. From the research it 
appears that there is no conclusive evidence that any one device 
is superior over another (Sharp and Costil 1, 1982; Hutinger, 
1970; Scott, 1967; Whitley and Smith, 1966; and Chui, 1964). 
Resistance devices used in the reviewed studies included; Cybex, 
Exergenie, Mini-gym, Universal gym, free weights, pulley weights, 
and elastic cord exercises. 
Theory of Specificity 
The principle of specificity applied to swimming indicates 
that to maximally improve swimming performance the training 
done must positively train and chang~ the physiological and 
neuromuscular aspects of the muscle or muscle groups used 
(Clarke, 1960; Troup et al.,1981; Costell et al., 1980). There 
exists in the 1 iterature, an overwhelming degree of appl ica-
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tion and support of the principle of specificity in planning, 
execution, and evaluation of training programs for al I types 
of activities, including swimming (Murray, 1962; Jensen, 1963; 
Scott, 1967; Ross, 1970; Capen, 1933; Masely, 1953; Clarke and 
Henry, 1961; Dintiman, 1964; Whitley and Smith, 1966; Hutinger, 
1970; Troup, et al., 1981; Coste I 1 et al., 1980; Gardner, 1963; 
Clarke, 1960; Smith and Melton, 1981; Williams, 1979). 
Practical application of the specificity theory suggests 
that the exercises and 1 ifts done should simulate the type of 
movement made and the speed at which it is performed as closely 
as possible. Isolating muscle groups is acceptable as long as 
those muscle groups are exercised in the manner in which they 
are used in the activity. Training muscles other than the 
prime movers or those that do not aid in performing a given 
movement is of little or no value. Combining specificity in 
training, with the overload principle, in which a muscle is con-
tinually taxed beyond a comfortable level of effort, is desirable 
and considered to produce the best training results (Costell, 
et al., 1980). 
Testing Procedure Background 
The testing was done at the beginning and end of a ten 
week training period to determine any differences between 
groups. The tests selected measured components that contri-
bute to swimming performance. 
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The jump and reach test measured the explosive Je~ 
power of each swimmer and is considered to be a test of anaer-
obic power that is applied on the swimmer's starts and turns. 
Accepted standards were used for the jump and reach test and 
no provisions were made to account for the differences in body 
weight of the individual subjects because final comparisons 
made focused on performance differences before and after the 
ten weeks, rather than on the height of the jump itself, 
The V for three trials of a 25 yard swim simulates race 
pace and technique without interference from starts and turns 
and is similar to an actual competitive situation. Of a var-
iety of other techniques used to measure speed, it is also 
the most reliable and practical (Chapman, 1965), 
The maximum V for a series of 10 yard swims at various 
speeds provides data on maximum velocity unaffected by fatigue 
and technique breakdown factors. From the same series of swims 
the stroke rate (S) is determined and from the information be-
tow; the distance per stroke ( d /S) is derived as follows: 
. . 
s = 60 X N where: s = stroke rate 
t 
N = l 0 yards 
= S/time or S/second 
t = time 
S = strokes 
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max V = Distance 
t i me 
d = 
s 
max 
max 
V = d/t at max V 
s ffi 
(Craig and Prendergast, 1979). 
where: d = distance 
S = stroke rate 
S = strokes 
II = V e 1 o C i t y 
t = time 
Distance per stroke provides information on the mech-
anical efficiency or technique of the swimmer. It also shows 
the shortening potential that a swimmer can draw upon ass/he 
increases stroke rate towards the goal of increasing velocity 
(Craig and Prendergast, 1979). 
Further explanation about testing and the weight train-
ing programs wil 1 be discussed in the next chapter. 
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CHAPTER I I I 
PROCEDURES 
The subjects for this study were college aged, female 
competitive swimmers who were members of the S.U.N.Y. at Brock-
portport varsity swim team. Al 1 swimmers had some past compet-
itive swimming experience and were considered to be advanced 
in skil 1 level. Sixteen subjects completed the pre-testing 
and at the end of the ten week experimental period, twelve of 
the original sixteen still remained on the team and underwent 
the post-testing. The experimental (X) group consisted of nine 
subjects at the beginning of the investigation and six at the 
post-testing phase. The control (C) group started with seven 
in it, and ended with six subjects at the post-testing phase. 
Testing 
The tests administered included a jump and reach test, an 
indicator of explosfve leg power; timed 25 yard sprints of the 
breast and front crawl strokes to measure mean Velocity (V); 
and increasing velocity 10 yard breast and front crawl swims 
during which the time it took to swim five strokes at any given 
speed and the time it took to swim the 10 yards at the same 
given speed was measured. 
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The jumn and reach test is an indicator of explosive leg 
power, and the action is similar to that of a start off of the 
starting blocks and the push off the wal I after a turn. When 
the competitors' swimming speed is evenly matched in sprint 
races, the speed at which a swimmer can start and turn becomes 
the determining factor in the outcome of the race. Thus, the 
improvement of explosive leg power should be beneficial to 
the competitive swimmer. 
Each subject was given an explanation of and directions 
for, and a demonstration of the test. Three trials were given 
and the results recorded, and the mean of the three trials 
was determined. A large sheet of white paper was posted on the 
wa l l • Each subject was instructed to chalk her fingers and, 
standing sideways to the papered wall, reach as high as she 
could and make a mark on the wall. The subject's heel had to 
remain in contact with the floor while making this first, ref-
erence, mark. 
The subject was instructed to rechalk her fingers and 
when ready, still standing sideways, to jump as high as she 
could, pulling up with both arms, and make a mark on the wall. 
The end of a measuring stick was then placed on the top of 
the subject's highest finger mark on the sheet and held verti-
cal, so that a reading could be taken to the top of the lower, 
reference mark. The distance measured, to the nearest 1/4 inch, 
was then recorded and the subject was given two more trials. 
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The same tester and measuring stick was used for the pre-
and post-testing, and the subjects did the jump and reach test 
prior to starting their swimming practice. Encouragement was 
given before each trial for the swimmer to try to go higher. 
The 25 yard front crawl and breaststroke sprints were 
given in order to measure the swimmer's velocity. Since the 
objective of competitive swimming is to improve swimming speed 
it was necessary to include a test which measured velocity. 
Six trials, three of each stroke, in random order, were 
given to each swimmer and the mean of the three trials was 
determined to the nearest l/100 second for each stroke. The 
swimmers started in the water, pushing off of the wall and 
sprinting the length of the pool (25 yards). Two subjects 
swaro at a time to provide competition for each other. Ample 
rest was given for recovery of subjects before swimming the 
next trial. The same test format, instructions, timers, watches, 
and random order of swims was used when pre- and post-testing. 
Times were recorded immediately after each trial and the sub-
jects were encouraged to do their best and go faster each time. 
The sprint testing was done after the subjects had completed at 
least a 500 yard warmup. 
The 10 yard increasing speed swims for the breast and 
front crawl strokes were conducted to obtain measurements and 
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data about the subjects' swimming technique. By simultaneously 
measuring the time it takes to swim 10 yards and to swim five 
strokes, it is possible, through mathematical formulas (page 23 -
24) to determine the subject's stroke rate (S), mean velocity 
(V), and distance per stroke (d/S) at a given speed. 
The subjects were instructed to swim seven trials of each 
stroke, increasing their speed each time they swam, at a rate 
such that the fifth trial would be their fastest and the sixth 
and seventh would be more or less wild swimming, i.e. more 
arm and leg action and movement, but less efficiency or speed. 
Tape marks were placed on the pool deck ten yards apart 
and as the swimmer's head crossed the first tape mark both 
stopwatches were started and the timer started counting strokes. 
The appropriate watch was stopped as the swimmer's head crossed 
the second tape mark and as the swimmer completed her fifth 
stroke. Swimmers were instructed to swim past the 10 yard mark, 
to the end of the pool. Only one swimmer went at a time. 
The data were recorded to the nearest 1/100 second immed-
iately after each trial and the same watches and timers were 
used for the pre- and post-testing. Subjects were allowed 
ample recovery time after each trial and were encouraged to 
speed up as necessary. The 10 yard test followed the 25 yard 
sprints. 
28 
Collection of Data 
As with any investi~ation numerous variables are present 
from the start of the experiment to its completion. Some of 
the variables are control lab le and can be kept to a minimum 
and in check and others, the majority, are uncontrolled and 
often not recognized. In collecting the data as many precautions 
as were practically possible were taken to control outside 
factors that could affect the data. 
Both pre- and post-testing took place over a two day per-
iod during the regularly scheduled swimming practice. As stated 
previously, the jump and reach test was administered before 
the subjects began their practice and the swimming tests were 
administered after subjects had had a warmup period. 
The same lanes and number of lane I ines were used and 
the same instructions, format, encouragement, trials, order of 
tests, and rest periods were implemented for the pre- and post-
testing sessions. The same measuring stick, stop watches, and 
test in~ assistants were used as wel 1. 
Although precautions were taken to minimize uncontrolled 
factors from affecting the investigation, it is impossible to 
account for al 1 of them. Some of the extraneous variables wil 1 
never be realized, but many are evident and should be kept in 
mind. 
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Treatment of Data 
When considering the treatment of the data it should be 
remembered that the subjects represent a sample population of 
college aged, female, competitive swimmers from a Division Ill 
state college, and not an entire population or cross section 
of the entire population. 
The. variables which are pertinent to the investigation 
include the S, d/S, and V for the 10 yard increasing speed 
swims, the V for the 25 yard front crawl and breaststroke swims, 
and the mean of three trials on the jump and reach test. The 
data obtained from these tests is that which was analyzed for 
use in this investigation. 
Analysis of the Data 
Between group comparisons usin~ a correlated t-test at 
the .05 level of significance was done to determeine whether 
or not there was any difference in the pre- and post-test re-
sults between the two groups. 
Weight Training Program 
Prior to the pre-testing and weight training the subjects 
received an explanation of this investigation. Information 
provided included background about the problem, what the pro-
gram would consist of, length of the experimental period, test-
ing procedures, and sampling methods used to assign subjects 
into the two groups. 
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The subjects received consent forms, were reminded that 
participation in the project was entirely voluntary, and that 
they could drop out at any time. It was emphasized that the 
non-I ifting group was as important as the I ifting group and 
that al 1 subjects were welcome to ask questions at any time. 
The non ·weight trained group was requested not to weight train 
during the experimental pe,iod. 
The weight lifing group was given a detailed explanation 
and demonstration of the weight training program, its purpose, 
and what they could expect from the weight 1 ifting, i.e. some 
soreness or tightness, increased strength, increased muscle 
tonus, etc. Arrangements were made to reserve the weight room 
for only the swimmers' use. Alternate times were arranged for 
individuals with scheduling conflicts who could not make it to 
the regular sessions. Al I 1 ifting was done during the day 
before the in-water practice. 
The weight devices used included a Universal Gym, a rope-
pulley weight device, a Leaper machine, and free exercises. 
The muscle groups emphasized included the prime movers used Jn 
swimming and simulated as closely as possible the action of the 
body parts while swimming. The subjects received a demonstration 
of the exercises to be done at each station, as well as an 
i I lustrated explanation of each exercise and how many times it 
should be done (Appendix A). The swimmers were told to use 
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these sheets until they became fami 1 iar with the program. 
The following exercises and lifts were performed by the 
subjects for the ten week training period and were selected be-
cause they strengthen the prime movers used in swimming, i.e. 
arm and shoulder depressors, inward rotators, extensors, hip, 
leg, and ankle extensors, and trunk flexors and extensors: 
Hamstring leg lift; quadricep leg lift; leg press; back-
ups; sit-ups; leg exposion on Leaper machine; rotator 
pull-downs; latissimus pull-downs; tricep pull-downs; 
military press; and stroke simulators on a pulley weight 
machine. 
See pages 33 - 40 for illustrations of the exercises. 
Assistance in performing the exercises and on using cor-
rect form was given throughout the lifting sessions by the 
writer, as well as by the subjects, helping each other. Re-
cord sheets were kept by each subject so that progress was 
checked and suggestions were made as to when a subject should 
increase her load (Appendix B). Subjects were encouraged ·to 
push harder when progress appeared minimal or slow, and they 
were commended when it was positive. 
after the ten week training period. 
Charts were collected 
Lifting was done three times per week and the sessions 
took 30 - 45 minutes depending on how fast the subjects exer-
cised. For the majority of the exercises (see Appendix A) three 
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WEIGHT TRAINING EXERCISES 
Hamstring Leg Lift 
Quadricep Leg Lift 
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Leg Press 
]ack-ups. 
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Sit-ups 
Leg Explosion on a Leaper Machine 
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Rotator Pull-downs 
Hands Together 
Hands Apart 
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Latissimus Pull-downs 
Military Press 
Tricep Pull-downs 
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Stroke SimVlators 
Front Crawl 
Backstroke 
40 
Stroke Simulators 
:Breaststroke 
:Butterfly 
sets of five repetitions at 80% maximum were done. After doing 
one set of each exercise the subjects repeated the next two 
sets in the same manner, thus allowing the exercised muscle 
group to rest while exercising another. It was suggested that 
the subjects vary the order of exercises such that the same 
muscles were not exercised repeatedly without recovery. 
Increasing loads was accomplished by increasing the weight 
Ii fted per set. It was suggested that the first increase to a 
higher weight be done on the second and third sets, after the 
muscle group was warmed up, and finally, including the first 
set after an increase in the second and third sets had been 
successful. If the lifter could not finish a set on a certain 
weight or setting, she was instructed to lower the resistance 
or load and finish the set, thus avoiding diminishing the over-
load effect. Full effort was encouraged at all times. 
There was a two week Christmas vacation in the second 
half of the ten week training period. For this period the 
lifters were given diagrammed instructions (Appendix C) and the 
materials (a one gallon milk jug to be filled with sand and 
water, and a bike tire tube) needed to perform maintenance lifts 
during their break. The objective of the holiday exercises 
was to minimize strength loss that would otherwise occur if 
the swimmers did not exercise or do weight work. Letters were 
sent to all subjects during the break reminding them to 1 ift. 
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Upon returning for practice after the break, the regular train-
ing program was resumed. Once the competitive swimming season 
started, I ifting was done two times per week, i.e. not on meet 
days. 
The in-water training that all swimmers participated in 
was held five times per week for two hour sessions. During the 
intersession period (post holiday break but prior to the open-
ing of school) two hour practices were held two times per day, 
five times per week. The in-water training included distance 
work, sprint work, dry-land and technique work, and interval 
training. The practices varied and full effort was encouraged. 
At pre-testing in November total yardage for the swimming 
workouts averaged 3500 - 4000 yards per day. At the post-test-
ing in January the yardage averaged 10,000 yards per day. 
Treatment of Data 
Analysis of the data was conducted to determine whether 
there was a significant increase in swimming performance be-
tween the lifting and non lifting groups after the 10 week 
training period. 
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CHAPTER IV 
RESULTS AND DISCUSSION 
The purpose of this experiment was to determine the 
effects weight training had on the swimming performance of 
female intercollegiate swimmers. Twelve members of a women's 
swim team participated in the study, with one half of the team 
doing a ten week weight training program as well as the daily 
in-water workouts, and the other half doing only the in-water 
workouts. 
Pre- and post-tests of various swimming performance re-
lated factors were given at the beginning and end of the ten 
week training program. The same testing techniques, instru-
ments, and assistants were used during both testing sessions. 
The approach used in this study represents one of the 
few studies in which performance components other than just 
velocity were used, in which the subjects were female, and in 
which both the front crawl and breaststroke were utilized. It 
is anticipated that this study will provide insight and direc-
tion for future, similar studies and training methods. 
Analysis 
Between group analysis was conducted for the pre- and 
post-test variables on the following tests: jump and reach; 
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25 yard mean velocity for the front crawl and breaststroke; 
maximum 10 yard velocity for both strokes; and stroke rate and 
distance per stroke at max 10 yard velocity for both strokes. 
A paired t-test was used to determine if there were any diff-
erences between each group before and after the 10 week weight 
training program. All findings were based on a .05 level of 
significance. The degrees of freedom were 5 for the analyses. 
Table I shows the means, standard deviations, and t-values 
for mean velocity, stroke rate at max velocity, max velocity 
and distance per stroke at max velocity in the front crawl. 
Table 2 shows the means, standard deviations, and t-values for 
mean velocity, stroke rate at max velocity, max velocity and 
distance per stroke at max velocity in the breaststroke. 
Table 3 shows the means, standard deviations, and t-values 
for the jump and reach. 
There were no statistically significant differences be-
tween the two groups for the fol lowing: 
l. Weight trained female swimmers and non weight trained 
female swimmers do not differ in stroke rate at maximum velocity 
for: 
1.1 Breastroke 
1.2 Front crawl 
2. Weight trained female swimmers and non weight trained 
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female swimmers do not differ in distance per stroke at maximum 
velocity for: 
2. l Breaststroke 
2.2 Front crawl 
3. Weight trained female swimmers and non weight trained 
female swimmers do not differ in explosive leg power as meas-
ured by a jump and reach. 
4. Weight trained female swimmers and non weight trained 
female swimmers do not differ in mean velocity for 25 yards for: 
4. 1 BF.eaststroke 
4.2 Front crawl 
5. Weight trained female swimmers and non weight trained 
female swimmers do not differ in maximum velocity for 10 yards 
for: 
5. 1 Breaststroke 
5.2 Front crawl 
From the analysis of the data it was found that there 
were no statistically significant differences between groups 
for any of the variables, thus the writer failed to reject the 
null hypothesis for each hypothesis •. However, on post-test 
results it was found that the I ifting group performed better 
than the non lifters on al 1 variables except the max 10 yard 
velocity for the front crawl and breaststroke, and the distance/ 
per stroke at max 10 yard velocity for the breaststroke. On 
these three_ v a r i ab 1 es the non l i ft er s per f o rm e d better • 
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TABLE 1 
MEANS, STANDARD DEVIATIONS, AND T-VALUES FOR MEAN VELOCITY, STROKE RATE AT 
MAX VELOCITY, MAX VELOCITY, AND DISTANCE/STROKE IN THE FRONT CRAWL. 
Variable Group N Mean SD t-value 
25 yd. v, yds/sec. Pre NL 6 o.658 1 • 72 3 1 • 4 2 
L 6 0.6052 1 • 4 8 5 
25 yd. V' yds/sec. Post NL 6 0.6596 l • 6 6 o 1. 2 3 
L 6 0.6588 l • 2 00 
. 
S, max V, s/minute. Pre NL 6 56.69 1 2. 1 3 -1 . 7 8 
L 6 6 7. 3 1 8. 190 
s' max V, s/minute. Post NL 6 52.52 7.620 - ]. 02 
L 6 56.53 5,805 
10 yd. max V, yds/sec. Pre NL 6 l. 54 0. 165 -0.66 
L 6 1 • 60. O. l 4 1 
10 yd. max V, yds/sec. Post NL 6 l. 44 O. 174 -1 • 3 5 
L 6 1. 57 O. 172 
40-
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TABLE 1, continued 
Variable 
d/S at max V, yds/stroke, Pre 
d/S at max V, yds/stroke. Post 
Group 
NL 
L 
NL 
L 
N 
6 
6 
6 
6 
Mean 
1 • 6 5 
1 • I+ 4 
1. 65 
l . 70 
SD 
0.275 
0. 196 
O. l 3 9 
0.305 
t-value 
-1 • 4 9 
-0.37 
.c--
--..J 
TABLE 2 
MEANS, STANDARD DEVIATIONS, AND T-VALUES FOR MEAN VELOCITY, STROKE RATE AT MAX 
VELOCITY, MAX VELOCITY, AND DISTANCE/STROKE AT MAX VELOCITY IN THE BREASTSTROKE. 
Variable Group N Mean SD t-value 
25 yd. V, yds/sec. Pre NL 6 0.8824 1 • 8 4 o 0.56 
L 6 0.8592 1 • 7 2 O 
25 yd. V, yds/sec. Post NL 6 0.8856 1 • 71 0 0.48 
L 6 0.8600 I • 1 4 7 
. 
s , max V, yds/stroke. Pre NL 6 55.58 7.776 -0. 5 9 
L 6 59.01 11. 82 4 
. 
s, max V, yds/stroke. Post NL 6 5 8. 9 5 7.700 -0.09 
L 6 59.52 12. 86 
10 yd, max V, yds/sec, Pre NL 6 1 • 0 9 0 0.070 0.07 
L 6 1 • O 9 0.090 
1 0 yd. max V, yds/sec, Post NL 6 1. 06 0,059 - O. 4 5 
L 6 1 • 0 8 0.080 
.!:'-
co 
TABLE 2, continued 
Variable 
d/S at max V, yds/stroke, Pre 
d/S at max V. yds/stroke. Post 
Group 
NL 
L 
NL 
L 
N 
6 
6 
6 
6 
Mean 
1 • 2 0 
1. 15 
1 • O 9 
1. 1 4 
SD 
0. 1 3 O 
0.260 
0. 11 6 
0. 2 1 4 
t-value 
0.39 
-0.57 
.I::-
\..0 
TABLE 3 
MEANS, STANDARD DEVIATIONS, AND T-VALUES IN THE JUMP AND REACH. 
Variable ~roup 
Jump and reach, inches. Pre NL 
Jump and reach, inches. Post 
L 
NL 
L 
N 
6 
6 
6 
6 
Mean 
12.73 
1 4. 1 5 
12.85 
1 3. 99 
SD 
1 • 2 6 1 
1. 846 
1 • 7 3 2 
1. 2 71 
t-value 
- 1 • 5 6 
- 1 • 3 3 
V, 
0 
Discussion 
In their work investigating the relationshirs between 
stroke rate, distance per stroke, and velocity in competitive 
swimming, Craig and Prendergast (1979) found that the mean 
velocity in swimming is the product of the stroke rate and the 
distance per stroke. They also determined that an increase in 
V was accornpl ished by increasing Sand decreasing d/S. For 
highly skilled swimmers "the fastest swimmers had the longest 
d/S at subrnaxirnal velocity. There was a positive correlation 
between maximal d/S and maximal V. 11 (p. 280). Additionally, 
they found that "if a swimmer does not have a long d/S, there 
is less latitude for 'shortening' and a greater dependence on 
. 
S to ·swim fast." (p. 2132). It was found that females depended 
. 
almost entirely on S for varying V and this indicated that 
local muscle power and/or endurance may be the 1 imiting factor 
causing this. 
Although there was not a significant difference between 
the two groups on any of the variables it should be noted that 
in comparing the post-test results of both groups, the 1 ifting 
group was better than the non 1 ifting group on al 1 variables 
except the max 10 yard V for the front crawl and breaststroke. 
On these two i terns the non lifters were the same or better than .. 
the 1 ifters on the pre- and post-test results. 
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From the results of the data it appears that the weight 
training program participated in by one half of the swim team 
had no significant effect on swimming performance as measured 
in this study. Several factors that could contribute to the 
outcome of the results will be discussed. 
By the nature of the study it was difficult to control the 
amount of effort with which the lifting group lifted and worked 
out, and the frequency at which they lifted. Although pro-
visions were made to schedule the weight room facilities such 
that every subject had the opportunity and ample time to lift, 
attendance at the lifting sessions was rarely as high as 50%. 
In spite of encouragement, there was an evident lack of effort 
on the part of some of the subjects. 
Another factor which could have affected the results is 
the skill level of the swimmers. It was assumed at the begin-
ning of the study that the subjects would possess a moderately 
high level of swimming ability. As it turned out, very few 
could be classified as highly skilled competitive swimmers. 
Craig and Prendergast (1979) found that the performance com-
ponents used in this study could not be accurately used with 
recreation or less skilled swimmers. When working with less 
skilled swimmers it is difficult to know whether improvement 
is due to the treatment or to improvement from practicing the 
skill. Also, in spite of being requested not to I ift during the 
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ten week training period, it was impossible to control what 
type of extra training the members of the non 1 ifting group may 
have done or how this may have affected the data. 
A major factor that was realized only after the testing 
was completed and the training period was over, was that of 
fatigue. During the pre-testing the swimmers were doing 3000 
to 4000 yards of moderate intensity in-water practice over a 
two hour period per day. During the post-testing the swimmers 
were on a break from classes and were doing 9000 to 10,000 
yards of high intensity training in two, 2 hour workouts per 
day. Complaints of fatigue and muscle soreness were common 
and it is believed that this factor played a major role in the 
lack of significant improvement, especially in the 25 yard Q. 
To increase validity the post-testing should have been conducted 
two times, once again a week later when the swimmers were back 
to only one 2 hour practice session per day. 
The fact that the 1 ifting group showed a significant in-
crease in two of the most important performance components, 
Sand d/S, suggests that there could have been a more consistent 
trend towards significantly improved performance on the other 
variables. Retesting under more ideal conditions, when the 
subjects were less fatigued, may have resulted in different find-
i n g s • 
The interruption caused by a two week break, during which 
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the 1 ifters had equipment nnd instructions for exercises to be 
done, added an additional factor that could not be controlled, 
nor could it be known how this affected the final results. 
In spite of the utilization of the same equipment, testing 
aids, and data collection format, there exists an unknown mar-
gin of human error that cannot be accounted for. The exact 
amount of warmup yardage each subject did prior to testing 
was individual and unknown. 
The amount of rest between testing trials was kept con-
stant and thought to be ample for the intensity of the tests 
given. In spite of this, it is unknown as to how each subject 
was affected by the trials and the amount of rest given between 
each trial. The environmental factors such as the temperature 
of the pool air and water were also unknown. 
It is impossible to know what differences existed and/or 
affected the results for each individual subject such as; 
level of fatigue, health status, mood, and the amount of effort 
put forth during pre- and post-testing. The extent to which 
being familiar with the tests, after pre-testing, affected the 
data also remains unknown. 
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CHAPTER V 
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 
Summary 
The purpose of this study was to determine the effects 
of weight training on the swimming performance of female inter-
collegiate competitive swimmers. Twelve swimmers who were 
members of the S.U.N.Y. College at Brockport women's swim team 
took part in the ten week study. A table of random numbers 
was used to assign the subjects into a lifting and a non-1 ifting 
group. The lifting group participated in a ten week weight 
training program in which a Universal Gym, a Leaper machine, 
a pulley weight machine, and free exercises were utilized to 
exercise the prime mover muscles used in swimming. Weight 
training sessions were held three times per week for approxi-
mately one hour sessions. Both groups participated in the 
in-water team practice which was held five times per week for 
two hour sessions. 
Pre- and post-testing of the fol lowing variables was 
conducted at the beginning and end of the ten week training 
period: jump and reach test; 25 yard sprints for the front 
crawl and breaststroke velocity; 10 yard maximum velocity for 
the front crawl and breaststroke; and stroke rate and distance/ 
stroke at maximum 10 yard velocity for the front crawl and 
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breaststroke. Between group analysis was done to determine 
differences between pre- and post-testinq at a .05 level of 
significance. 
Conclusions 
Based on the results of the present study, the fol lowing 
conclusions are advanced: 
Weight trained female swimmers and non weight trained 
female swimmers did not differ in: 
l. Stroke rate at maximum velocity for: 
l. 1 Breaststroke 
1.2 Front crawl 
2. Distance per stroke at maximum velocity for: 
2. l Breaststroke 
2.2 Front crawl 
3. Explosive leg power as measured by a jump and reach. 
4. Mean velocity for 25 yards for: 
4. 1 Breaststroke 
4.2 Front crawl 
5. Maximum velocity for 10 yards for: 
5. 1 Breaststroke 
5.5 Front crawl 
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Recommendations 
Based on the present study the following recommendations 
are offered: 
1. Repeat the study over a time span that would not be inter-
rupted by holidays, breaks, and vacations. 
2. Repeat the study and maintain more control on the regular-
ity and intensity at which the subjects weight train. 
3. Repeat the study and post-test subjects during a time 
period in which they are not overly fatigued. 
4. Repeat the study using extremely highly skilled swimmers 
such as those that would be found in a Division I school, among 
amateur swim teams, etc. 
5. Repeat the study and determine the maximum velocity, dis-
tance per stroke, and stroke rate data from a 25 yard distance. 
6. Repeat the study testing all four competitive strokes. 
7. Repeat the study with a larger sample population. 
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AflPENDIX A 
WEIGHT TRAINING EXEHCISES 
1 • Hamstrings: 
3 X 5 reps 
Leg Press: 
3 X 5 reps 
~it-u~ 
Maximum# per 1 minute 
7. Rotator Pull-down: 
a.) Hands 
together 
Partner holds 
elbows. 
3 X 5 reps for a.)and b.) 
2. Quadriceps: 
3 X 5 reps 
4. Back-ups: 
3 X 10 reps, add weights 
6. Leaper: 
3 sets of 10; record speed and 
resistance. 
b.) hands 
apart 
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8. Pnll-do\./ns, behi,id head: Trice.~ l·ull-downs: 
3 X 5 reps 
3 X 5 reps 
10. Military Press - behind head: 
3 X 5 reps 
11. Stroke Pull: 
Simulate Competitive Stroke 
a. Crawl 
b. Back 
c. Breast 
d. Fly 
3 X 5 reps for each stroke 
APPENDIX B 
EK e rci f1 e-
1. Hamstrings 
2. Quads 
3. Leg Press 
4. Back-ups 
5. Sit-ups 
6. Leaper 
7. Rotator 
'l.a.Hands toge 
b.Hands apar . 
8. Bk. Pulldwn 
9. Tri. Pul ldw . 
IO. Military p . 
11. Stroke Pu 11 
-
a.Crawl 
b. Back 
c.Breast 
d. F 1 y 
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Name' 
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The following diagrams are lifts and exercises to be done over your 
Christmas vacation in order to help you maintain the strength gain you have 
achieved so far. If you have access to a Universal Gym or free weights, 
please take advantage of them. The exercises that follow are to be done three 
times per week and should take you 30 - 40 minutes per session. 
Use the milk jugs and tire tubes provided, adding water and/or sand to 
the milk jugs to make them heavier as needed. You may wish to wear gloves to 
make the handle grip more comfortable. 
1. 2. 
Maximum per 1 minute. 
3. 
Lying: 
4. Backups 
5. 
6. 
Bounds 
Hold weight and jump as high 
as you can ten times in a row. 
Think of driving off of the 
walls on your turns. 
-Do 3X 10 reps. 
Start with elbow flexed, arm 
behind head. Raise the weight 
to a full arm extensiJn, then 
lower it again. Keep movement 
smooth. 
-Do 3 X 10 reps, each arm. 
Lie so that your arms hang off of 
the table or bench on which you are 
lying. At the same time, extend 
your arms while bringing your arms 
up and over you head to the front 
of your body. Return to start. 
-Do 3 X 10 reps. 
Lie face down, hands behind your 
head, on a bench or table, have 
someone hold your legs. Raise 
yourself as high as you can, 
return with good control. 
-Do 3 X 10 reps. 
Holding weight at shoulder, 
extend arm straight up, over your 
head and lower it back down again. 
-Do 3 X 10 reps with each arm. 
Lie on the floor with elbows partly 
flexed and with your forearms 
against the floor. Rotate arms 
towards your feet keeping elbows 
on the floor the entire way. Re-
turn to start. 
-Do 3 X 10 reps. 
1. Tire tube pulls Attatch the tire tube to a post or 
tree. Simulate all 4 strokes, fly, 
back, breast, free, pulling on the 
tube. Be sure to start with arms in 
full extension or the correct catch 
phase of your stroke and pull all of 
the way through the pull phase to 
finish your stroke. 
-Do 3 X 10 reps.each ann. 
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APPENDIX D 
Explanation of Study: 
The purpose of this study is to determine the effects of a weicht 
traininc 1iro~;rwn on the .sps,"cl of :'cmalt' intercollegiate swimmers. A pre-
test will be given to determine swimminr speed, stroke rate, distance/stroke, 
and explosive leg power prior to the program. A weight training program pri-
marily utilizing the Universal Gym will be administered for 12 weeks in addition 
to the regular swimming practice. At the end of the experimental period a 
similar post-test will be given and the results analyzed. The effect of this 
program should be that the swimming times of the experimental group should 
improve at a greater rate than the times of the control group. 
CONSENT TO ACT AS A SUBJECT FOR RESEARCH .AND INVESTIGATION: 
I have received an oral description of this study including an 
explanation of the procedures, any consequent discomforts and risks, and a 
description of the possible benefits. I may feel free to ask any questions 
about the study and understand that my name will not be used in any release 
of the dat~. I ma~ withdraw at any time without prejudice of any kind. 
Signature of the subject 
Date 
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APPENDIX E 
COMPUTER VARIABLE 
CODE 
V2 
V3 
V4 
vs 
V6 
V7 
vs 
V9 
VlO 
V l 1 
V 1 2 
V 1 3 
V14 
Vl 5 
Vl 6 
V 1 7 
Vl8 
Vl9 
Group 1 
Group 2 
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VARIABLE LIST 
TEST VARIABLE 
Jump and reach, pre 
Jump and reach, post 
25 yard V 
' 
front craw 1, pre 
25 yard V, front crawl, post 
25 ya rd V , breaststroke, pre 
25 ya rd V, breaststroke, post 
Stroke rate at max V' front craw 1 , pre 
Stroke rate at max V' front crawl , post 
1 0 yard max V, front craw 1 , pre 
1 0 yard max V, front crawl, post 
Distance/stroke at max V, front craw 1, pre 
Distance/stroke at max V, front craw 1, post 
Stroke rate at max V' breaststroke, pre 
Stroke rate at max V' breaststroke, past 
1 0 yard max V, breaststroke, pre 
10 yard max V, breaststroke, post 
Distance/stroke at max V' breaststroke, pre 
Distance/stroke at max V, breaststroke, post 
Non lifters 
Lifters 
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V4 f 4. 2 1 25- 28 
vs F 4. 2 1 79- 32 
Vb f 4. 2 1 .53- 36 
V7 F 4. 2 1 37- 40 
Vb f 4. 2 1 41 • 44 
V9 I 4. 2 1 4 '.>- 48 
VL F 3. 2 1 49- 51 
V 11 F 3. 2 1 5?- 54 
V1l F < .J. 2 1 55- 57 
V 13 F 3. 2 1 5b- 6G 
V14 r 4. 2 1 61· 64 
V15 r 4. 2 1 65- 68 
V 1 o F .5. 2 1 69- 71 
V17 F 3. 2 1 77- 74 
V 1 :-; r .5. 2 1 75- 77 
V1<,, F 3. 2 1 78- ED 
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VALUE FREE DO" FRO~. 
-1 .02 9.34 0.3~( 
-0.66 9.76 C.525 
-1.35 10.CO 0. 2 Ct 
1. 49 9.02 0 .171 
-o .3 7 7.CO 0.725 
-0.59 8 .t4 C.50 
-0.09 8.18 0.9U 
-...J 
-...J 
TH l SIS 
Fl Ll 
GRO!JP , 
'i(l~ >~ f. 
- II 1 
GROUP < - II 1 
V~RIAf1LF 
V16 
V1 7 
\118 
v, \I 
LR OL F 
GR",Lf 2 
GPflLf 
GR OL F i'. 
u ~ •)L F 
LP0lf 2 
GRr1LF 
LR OLJf 2 
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- - - - - • • - - • - • - l - T f S T - • • • - • - • - - - - • • - • - • - - - • • • - • - - - • 
H 
LT 
,,U Mbl k 
Of CASE~ 
6 
6 
0 
C, 
6 
6 
6 
6 
2. 
2. 
,., LA t1 
1.G95L 
1. O't1 7 
1 .0617 
1. OH,(• 
1. ?u1 7 
1. 155 G 
1.09(.(; 
1.1467 
SlAhCHP 
~llllATTOh 
U .GIL 
O.f'9G 
G .C. 5 <, 
(i • Ct.C 
0 .13L 
0.267 
(J .1 H 
u.~1, 
S l HO~RC 
HkCR 
C .(128 
0.037 
C .CJ24 
G.03~ 
0.053 
0.1(.~ 
0 .047 
0.087 
. 
. 
. POOLEC VARIANCE E~TIIIA TE . SEFARA TE VARIA~CE ESTlll~TE 
• . 
I 2•TAIL . T OEGRflS 0 I 2-TAIL . l DE6REES Of 2-TA !l VALUE FR-CB. • VALUE ffiEEDO~ PRCB. • VALUE fHEPO" FRCB. 
1 .67 C.587 • 0.07 10 0.944 0.07 9.41 C. 944 
• 
• 
1.83 C.522 • ·G.45 10 0.663 • -0.45 9.21 Q.664 
4.18 G.143 0.3~ 10 0.10s • o. 39 7.26 C.712 
• 
3.41 C.204 • ·0.57 10 0.581 -0.57 7.70 0.584 
'-./ 
co 
